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ABSTRACT 


The evolution of the frequency-directional wave spectrum, E(f,8), across the inner 
continental shelf and beach was examined with measurements collected at the U.S. Army Corps 
of Engineer’s Field Research Facility during the recent SandyDuck experiment. Arrays of bottom 
pressure sensors were deployed on the shelf in 20 m depth and on the beach in depths ranging 
from 2-5 m. These arrays were complemented by a directional wave buoy in 20 m depth and 
an array of pressure sensors in 8 m depth maintained by the U.S. Army Corps of Engineers. A 
preliminary analysis of these data is presented here focused on four case studies that illustrate the 
observed wave shoaling evolution in both non-breaking and breaking conditions. Estimates of 
E(f,9) extracted from array cross-spectra at six cross-shore locations are compared to predictions 
of linear refraction theory. The present observations support conclusions from previous studies 
that the cross-shore evolution of dominant wave propagation direction 1s well described by linear 
refraction theory. Observations of harmonic peak development at directions aligned with the 
dominant waves are consistent with theoretical wave-wave interaction rules and previous 
observations. In both non-breaking and breaking conditions, the observed E(f,0) are directionally 
broader than predicted. In contrast to previous observations on a barred beach, the present 
observations on a planar beach do not show a dramatic broadening of directional wave spectra 


in the surf zone. 
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I. INTRODUCTION 


Accurate predictions of the nearshore transformation of ocean waves are vital to 
naval littoral operations (e.g., mine warfare, amphibious landings, swimmer operations) 
and civilian coastal erosion studies. As waves propagate from the open ocean onto 
shallow coastal shelves and ultimately break on beaches, linear and nonlinear effects 
change their amplitudes and directional characteristics. The present study is focused on 
the still poorly understood transformation of the directional properties of waves 
propagating across the inner shelf and beach. 

Linear shoaling of waves is well understood. Reduction of the group speed in 
shallow water generally causes an amplification of wave amplitudes on beaches. Waves 
arriving at an oblique angle relative to the shore are refracted toward normal incidence 
while for large incidence angles their amplitudes are reduced (e.g., Kinsman, 1965). 

Close to shore, strong nonlinearities and wave breaking affect the frequency 
spectra and directional properties of waves. Nonlinear interaction between two primary 
wave components with frequencies f, and f, and vector wavenumber ki and k2 excite a 
secondary wave component with the sum frequency (f,+/,) and wavenumber (ki+kz2). If 
the incident wave spectrum is narrow (1.e., f,;=/,, ki~k2), these secondary waves are 
harmonic components with approximately twice the frequency of the incident waves and 
propagate in approximately the same direction as the incident waves (Freilich et al. 1990; 
Herbers et al. 1998). Subsequent interactions between the primary waves and the newly 


formed secondary waves excite higher harmonic components (3f,, 4/;, ...) all 


approximately directionally aligned with the incident waves. 

Field observations of the shoaling evolution of directional wave spectra are scarce. 
Freilich et al. (1990) presented high resolution directional spectrum estimates obtained 
from two arrays of pressure sensors located well outside the surf zone on a nearly planar, 
natural beach. These observations show the expected refraction toward normal incidence 
of incident swells and energy transfers to directionally aligned harmonics. In bimodal 
Spectra, with two distinct wave systems arriving at the beach from different incidence 
angles, the theoretically expected excitation of waves at the sum frequency and vector 
wavenumber was observed. Herbers et al. (1998) presented estimates of mean directions 
and directional spreading parameters extracted from cross-shore transects of co-located 
pressure sensors and current meters on barred and non-barred beaches. These 
observations show that although the mean wave direction does not appear to be strongly 
influenced by wave breaking, the directional spreading of waves increases significantly 
in the surf zone on both barred and non-barred beaches. 

In the present study, a preliminary analysis is presented of a more extensive 
shoaling wave data set acquired during the SandyDuck experiment near Duck, NC. Six 
high resolution arrays of bottom pressure sensors were deployed for four months along 
a transect extending from the inner shelf through the surf zone. These measurements 
provide unique detailed estimates of the shoaling and breaking transformation of 
directional wave spectra. The field experiment and data analysis techniques are described 
in chapter II. Four case studies spanning a range of conditions (i.e., nonbreaking and 


breaking waves, narrow swell spectra, and broad wind seas) are described in chapter III. 


The results are summarized in chapter IV. 





II. FIELD EXPERIMENT AND DATA ANALYSIS 


Detailed measurements of the evolution of frequency-directional wave spectra 
across the inner continental shelf and beach were collected during the SandyDuck 
experiment at the U.S. Army Corps of Engineer’s Field Research Facility located near 
Duck, NC, on a straight barrier island. This site is fully exposed to the Atlantic Ocean 
and features an 80 km wide, shallow (20 - 50 m depths) shelf. Arrays of pressure sensors 
were deployed on the inner shelf in 20 m depth (5 km from shore) and on the beach in 
depths ranging from 2 - 5 m (Figure 1). The experiment was conducted in collaboration 
with Dr. Steve Elgar (Washington State University) and Dr. R. T. Guza (Scripps 
Institution of Oceanography). High-quality wave data were collected at all instrument 
locations during a four month period (August - November 1997). 

The 20 m depth array consisted of nine pressure sensors arranged in a 500 m 
equilateral triangle (Figure 2, bottom). The pressure sensors are battery powered, internal 
recording instruments mounted rigidly near the sea floor inside anchors. The autonomous 
instruments were synchronized to within 10 ms using accurate temperature compensated 
oscillators and thus can be used as a coherent array for sea and swell waves. The sample 
frequency was 2 Hz. Instruments were accurately positioned using differential GPS, an 
underwater acoustic navigation system, and direct underwater tape measurements. Sensor 
spacing uncertainties range from about 0.4 m for the shortest array legs to 2.0 m for the 
longest array legs. The array geometry allowed for omni-directional wave measurements. 


Sensor spacings ranging from 20 m to 300 m were chosen to accurately resolve swell and 


sea waves in the frequency range 0.04 Hz - 0.2 Hz. Waves with frequencies higher than 
0.2 Hz are strongly attenuated at the sea floor, and thus not accurately measured by the 
pressure sensors (e.g., Herbers and Guza, 1991). A Datawell Directional Waverider buoy 
was deployed within the array perimeter to provide measurements of the high frequency 
part (0.2 Hz - 0.5 Hz) of the wave spectrum. This surface-following buoy measures 3- 
component accelerations that yield wave frequency spectra and low-resolution directional 
information (e.g., Long, 1980). Buoy data sampled with a frequency of 1.28 Hz was 
transmitted continuously via an HF radio link to a receiver on shore. 

The nearshore instrumentation included four arrays of 10 or 11 bottom-mounted 
pressure sensors, each with an alongshore aperture of 210 m and a cross-shore aperture 
of 35 m (Figure 2, top). The arrays were positioned at offshore distances (relative to 
F.R.F. coordinates) of 210, 260, 375, and 500 m in nominal depths of 2.9, 3.7, 3.9, and 
5.1 m, respectively. The nearshore arrays also included sonar altimeters that provided 
accurate, continuous water depth measurements (Gallagher et al. 1996). All instruments 
were cabled to a central data acquisition center onshore. The sample rate of the pressure 
sensors was 2 Hz. 

Additional directional wave data were available from a permanent array of 
pressure sensors (maintained by the U.S. Army Corps of Engineers Field Research 
Facility) located about 900 m from shore in 8 m depth (Figure 2, middle). The 15- 
element array with an aperture of 250 m (alongshore) x 120 m (cross-shore) and a 2 Hz 
sample rate resolves waves with frequencies up to approximately 0.3 Hz. 


Bathymetry at the site is characterized by a gently sloping (=1:250), nearly planar 


inner shelf (Figure 1) and a slightly steeper (=1:100) beach (Figure 3). Seaward of the 
20 m array, the shelf is characterized by a very gentle slope (=1:2500) with large (scales 
O(5 km)) ridge-like features that have vertical scales of O(5 m). Refraction computations 
show that the effects of the benign shelf topography on wave transformation across the 
Shelf are significant, but do not produce strong loca! gradients in wave energy 
(Hendrickson, 1996). Daily bathymetric surveys of the nearshore region (e.g., Figure 3) 
indicate that the beach changes over the course of the experiment were small. The sand 
bar located 300 m offshore (Figure 3) remained relatively stationary with its crest 
submerged about 5 m below mean sea level, and did not strongly affect the wave shoaling 
process. Close to shore, the morphology was more dynamic, with the development of 
transient bars and alongshore depth variations. These changes occurred well shoreward 
of the nearshore arrays, and thus did not influence this study. 

In the following analysis of wave shoaling evolution from 20 to 2.5 m depth, 
alongshore depth variations are neglected. The preliminary analysis presented here is 
focused on four 3-hour-long case studies that illustrate the observed wave shoaling 
evolution in both non-breaking and breaking conditions. Prior to the analysis, the data 
were tested for stationarity and spatial homogeneity using a variety of methods. Temporal 
changes in 2-minute average wave variances were used to ensure stationarity of wave 
conditions throughout the selected 3-hour-long record. -Alongshore homogeneity over the 
alongshore extent of the nearshore arrays was verified by intercomparing the measured 
spectra of each sensor in the array, as well as the coherence and phase spectra of 


redundant alongshore sensor pairs. For example, the southernmost sensors of the 


nearshore arrays consistently recorded spectral density values an order of magnitude lower 
than other array sensors for waves arriving from large, oblique southerly directions. 
These discrepancies are likely caused by the close proximity of the U.S. Army Corps of 
Engineer’s research pier (e.g., wave blocking by pier pilings), and therefore data from the 
southernmost sensors was not used. 

Array cross-spectra were calculated based on Fourier transforms of overlapping 
1024 s segments. Merging 11 frequency bands resulted in estimates with a frequency 
resolution of 0.0107 Hz and 220 degrees of freedom. For each frequency, f, the 
corresponding directional distribution of wave energy, S(9;f), was estimated from the 
alray cross-spectra using the variational technique described in Herbers and Guza (1990). 
The direction 9 is defined relative to the local shoreline orientation with 0 = 0° 
corresponding to normal incidence to the beach (waves arriving from 70° true N), and 0 
iS positive (negative) for waves approaching the beach from northerly (southerly) 
directions. The method yields the smoothest non-negative distribution function that is 
statistically consistent with the observations. This roughness minimization technique 
effectively suppresses spurious peaks in S(9;f) estimates that might otherwise be 
misinterpreted as multimodal features of the directional wave spectrum. The estimates 
of S(8;f) were combined with an estimate of the surface elevation frequency spectrum E(/) 
(obtained by averaging the measured auto-spectra and applying a linear theory depth 
correction) to form the wave frequency-directional spectrum E(f,9) (= E()S(0;/)). 

Estimates of E(f,8@) were initially computed at all array locations using the full 


alray geometry (i.e., both the alongshore and cross-shore legs). Spurious peaks and poor 


convergence of S(0;f) estimates at high frequencies observed at the nearshore and 8 m 
depth locations, suggest that nonlinear and/or wave breaking effects contributed significant 
errors. The estimation technique assumes a linear dispersion relation, and thus is sensitive 
to nonlinear changes in the wavenumber (e.g., amplitude dispersion and bound waves). 
Wave-breaking induced energy losses may reduce the coherence in the cross-shore array 
legs causing additional inversion problems. Frequency-directional spectra at the nearshore 
and 8 m depth locations were subsequently re-computed using only the alongshore legs 
of the arrays. These linear array estimates are insensitive to dispersion errors and cross- 
shore inhomogeneities, but cannot distinguish shoreward propagating waves (-90°<0<90") 
from seaward propagating waves (90°<0<270°). Since the full array estimates already 
confirmed that swell reflections from shore were weak, the S(0;f) estimates obtained from 
the linear arrays were constrained to vanish at seaward propagation directions 
(90°<6<270°) (Herbers and Guza, 1990). The resulting estimates were nearly identical 
to the full array estimates in the energetic part of the spectrum and smooth at higher 
frequencies. In two cases, August 17 and October 19, estimates of E({0) extracted from 
the 20 m depth array measurements also indicated spurious structure and convergence 
problems at high frequencies. The estimates were recomputed using a five element, linear 
sub-array. In the August 17 case, with waves arriving from southerly angles, the northern 
leg of the triangle array was used with the constraint S(8;f) = 0 at angles (-180°<0<-150", 
30°<8<180°). Similarly, for the October 19 case with waves arriving from northerly 
directions, the southern leg of the triangle array was used with the constraint S(0;/f) = 0 


at angles (-180°<6<-30°, 150°<0<180°). 


Estimates of E(f,8) in 20 m depth over a wider frequency range (0.04 - 0.5 Hz) 
were obtained from the directional wave buoy using the Maximum Entropy Method 
described by Lygre and Krogstad (1986). This method yields a unimodal or bimodal 
S(8;f) that exactly fits the measured buoy cross-spectra. Directional resolution is limited 
because the buoy cross-spectra define only four moments of S(0;f). The buoy spectral 
analysis is based on an ensemble average of 54 data segment with lengths of 200 s. The 
resulting E(f,8) estimates with 0.005 Hz frequency resolution were smoothed to the same 
resolution as the array estimates. At low frequencies where they overlap, the array and 
buoy estimates are in good agreement. The final estimates of E(f,0) in 20 m depth were 
formed by matching the array estimates in the frequency range 0.04 - 0.2 Hz with the 


buoy estimates in the frequency range 0.2 - 0.5 Hz. 
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Il. OBSERVATIONS 


Example observations of the shoaling evolution of E(f,0) are shown in Figures 4 
- 11. The four cases described in detail below span a wide range of conditions, including 
normal and large oblique incidence angles and both non-breaking and breaking conditions. 
In order to distinguish linear refraction effects from nonlinear harmonic generation and 
surf zone effects, the observed evolution of E({,0) was compared to simple linear theory 
predictions. On a beach with straight and parallel depth contours, the transformation of 


E(f,8) is governed by 


CC, 
aae 


d 
oe EM® a) 


Suces 





E (8 )= 


(Longuet-Higgins, 1957; LeMéhauté and Wang, 1982), where subscripts d and s denote 
wave properties at a deeper and shallower cross-shore location, C and C, represent the 


wave phase and group speed, and the angles 0, and 0, are given by Snell’s Law 


& 
d 


Eqs (1) and (2) were used to transform the 20 m depth estimates of E(£0) to each of the 


shallower array locations. The resulting predictions are included in Figures 4 - 11. 
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A. AUGUST 17 

The August 17 conditions are characterized by a steady oblique-offshore wind with 
a speed of 8 m/s and direction of -140°. Significant wave heights were less than 0.5 m 
at all array locations and breaking occurred in the region shoreward of the shallowest 
array. Frequency-directional wave spectra observed at the six arrays are compared to the 
linear refraction predictions in Figure 4. Observed and predicted directional distributions 
of energy at selected frequencies are compared in Figure 5. In 20 m depth, the wave 
spectrum in the dominant 0.15 - 0.30 Hz range is broad in frequency and directionally 
narrow with waves propagating at large southerly incidence angles nearly parallel to the 
Shore. These waves are strongly refracted over the inner shelf and beach, and the 
observed changes in wave direction are well described by the linear refraction predictions. 
High frequency spectral energy levels are reduced by about a factor 5 between the deepest 
and shallowest sites, consistent with predicted spectral levels (left panels). The observed 
refraction of the smaller and broader 0.1 Hz swell peak from -50° at the deepest site to 
-20° at the shallowest site is also in agreement with the prediction (Figure 5, left panels). 
This peak is amplified during shoaling and dominates the wave spectrum at the shallower 
sites (Figure 4), in agreement with the prediction. Whereas observed energy levels and 
mean propagation directions are in good agreement with the predictions, the observed 
S(8;f) are broader than the predicted extremely narrow S(0;/) (e.g., 0.17 Hz in Figure 5). 
Possible explanations for these discrepancies are the limited directional resolution of the 
array and alongshore variations in wave directions caused by small alongshore depth 


variations that might broaden the array estimates of S(0;/). 


LZ 


B. OCTOBER 2 

The shoaling evolution of a more energetic wave field was observed on October 
2 and is detailed in Figures 6 and 7. Conditions are characterized by a steady onshore 
wind with a speed of 11 m/s and a direction of 55°. In 20 m depth, E(8) is relatively 
narrow in both frequency and direction with a single peak at approximately f = 0.17 Hz 
that is closely aligned with the wind direction (bottom panels of Figures 6 and 7). At 
higher frequencies, the S(0;f) estimates (extracted from the directional wave buoy) are 
bimodal and approximately symmetric about the wind direction. The separation of the 
two peaks increases with frequency, similar to recent observations by Young et al. (1995) 
and Ewans (1998). Young et al. (1995) show that the bimodal structure of E(f,@) at high 
frequencies can be explained with theoretical predictions of transfers of energy to higher 
frequencies through nonlinear wave-wave interactions. However, the 8 m depth array 
estimate of E(f,8) shows high frequency waves propagating in the local wind direction 
and suggest that the bimodal distributions estimated from the buoy data may be erroneous. 
Errors in the directional buoy estimates of S(0;f) at high frequencies may be introduced 
through nonlinearities in the buoy response or the inherent lack of resolution of 
directional buoys that measure only four integral moments of S(0;/) (e.g., Herbers and 
Guza, 1990). 

The observed significant wave height at the shallowest array is about 10% smaller 
than the predicted value, indicating that the surf zone is confined to a region shoreward 
of the shallowest array (upper left panel in Figure 6). The dominant sea peak is strongly 


refracted over the inner shelf and beach, and the observed changes in wave direction are 
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well described by the linear refraction predictions. Similar to the previous case, the 
predicted refracted peaks are directionally narrower than the observed peaks (left panels 
in Figure 7). At two tumes the spectral peak frequency (0.34 Hz) the E(£@) observed at 
the shallower arrays are bimodal with one peak (0 = 50°) aligned with the wind direction 
and the expected harmonic peak (8 = 20°) aligned with the primary 0.17 Hz sea peak 
(Figure 6). This harmonic peak is strongly amplified during shoaling and dominates the 
high-frequency spectrum in 2.9 m depth (Figure 6). 
C: NOVEMBER 1 

The November 1 case (Figures 8 and 9) is characterized by a steady oblique 
offshore wind with a speed of 7 m/s and direction of -140°, similar to the August 17 case. 
Observed significant wave heights ranging from 1.2 m at the deepest array to 1.1 m at 
the shallowest array are close to the linear theory predictions (left panels in Figure 8) 
indicating that breaking occurred in the region shoreward of the shallowest location. In 
20 m depth, the E(£8) estimate features a dominant 0.10 Hz peak with a large southerly 
incidence angle (-60°). The high frequency part of the spectrum is directionally narrower, 
with even larger, almost shore-parallel southerly angles (-80°), similar to the August 17 
case. The strong refraction over the inner shelf and beach of the dominant wave direction 
is again well described by the linear refraction predictions (Figure 9, left panels). As in 
the previous cases, predicted directional distributions are narrower than observed at the 
shallower arrays. At high frequencies, second (0.2 Hz) and third (0.3 Hz) harmonic peaks 
are observed at the shallower sites which are approximately directionally aligned with the 


dominant (0.1 Hz) waves (Figure 8). Similar to the October 2 case, these harmonic peaks 
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are amplified between 5.5 and 2.8 m depths and dominate the directional distributions at 
high frequencies at the shallowest array (Figure 9, center and right panels). 
D. OCTOBER 19 

The most energetic waves in the SandyDuck experiment were observed on October 
19 (Figures 10 and 11) during a severe Nor’easter with maximum sustained wind speeds 
of about 17 m/s. The surf zone extended several kilometers offshore with a significant 
wave height at the 20 m depth array of about 3.9 m, decreasing steadily to 1.56 m at the 
shallowest array. Propagation directions of the dominant 0.1 Hz waves are nearly normal 
to the beach in 20 m depth and virtually unchanged throughout the surf zone (Figure 11, 
left panels) even though spectral energy levels are reduced by more than an order of 
magnitude at the shallowest array (Figure 10, left panels). The directional distributions 
are slightly broader than predicted with linear refraction theory at the shallower arrays, 
but the broadening of S(0;f) is much less pronounced than that observed by Herbers et 
al. (1998) for comparably energetic waves breaking on a shallow bar. At twice the 
spectral peak frequency (0.19 Hz), the observed spectra show a transition from wind seas 
in 20 m depth (propagating in the local wind direction 0 ~ 80°) to second harmonic 
waves that are aligned with the dominant wave direction (0 = 0°). In 8.2 m depth the sea 
and harmonic peaks are approximately equal in magnitude, and at the shallowest arrays 
the sea waves are completely submerged in the harmonic energy levels. A similar 
transition from wind-generated seas to harmonic waves is observed at 0.29 Hz (Figure 11, 
tight panels). As in the August 17 case, the bimodal S(0;f) observed in 21.2 m depth 


may be a directional buoy artifact rather than a true feature of the wave field. In 8.2 m 


15 


depth, a refracting sea peak from 40° co-exists with a developing third harmonic peak at 
5° (aligned with the dominant waves). This harmonic peak broadens during shoaling and 


dominates the spectrum at the shallower arrays. 
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IV. SUMMARY 


The evolution of the frequency-directional wave spectrum, E(f,0), across the inner 
continental shelf and beach was examined with extensive measurements collected at the 
Army Corps of Engineer’s Field Research Facility near Duck, NC during the recent 
SandyDuck experiment. The barrier island field site is characterized by a straight 
coastline with a gently sloping (1:250) sandy bottom and weak alongshore depth 
variations. Arrays of bottom pressure sensors were deployed on the inner shelf in 20 m 
depth (5 km from shore) and on the beach in depths ranging from 2 - 5 m (Figure 1). 
A directional wave buoy was added to the 20 m depth array to measure high frequency 
seas that are attenuated at the sea bed. The SandyDuck arrays were complemented by a 
permanent array of pressure sensors in 8 m depth maintained by the Army Corps of 
Engineers. High-quality wave data were collected nearly continuously at all instrument 
locations during a four month period (August - November 1997). 

The preliminary analysis presented here is focused on four case studies that span 
a range of conditions and illustrate the observed wave shoaling evolution in both non- 
breaking and breaking conditions. Smooth estimates of E(,0) were estimated from the 
cross-spectra of six arrays using the variational technique described in Herbers and Guza 
(1990). In 20 m depth, the array estimates of E(f,0) at low frequencies were combined 
with buoy estimates at high frequencies obtained with the Maximum Entropy Method 
described in Lygre and Krogstad (1986). In all four case studies, the cross-shore 


evolution of the dominant wave propagation direction agrees well with simple linear 
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theory predictions for wave refraction on a beach with straight and parallel depth 
contours. In the more energetic cases, the observed E(f,8) show the development of 
harmonic peaks at the shallower sites with directions that are approximately aligned with 
the dominant waves (Figures 6, 8, 10), qualitatively consistent with theoretical wave-wave 
interaction rules and earlier observational studies (Freilich et al. 1990; Herbers et al. 
1998). 

In both non-breaking and breaking conditions, the observed E(f8) are directionally 
broader than the linear theory predictions, in particular when the incident wave field is 
directionally narrow (e.g., August 17, Figures 4, 5). These discrepancies may reflect the 
limited resolution of the arrays and/or alongshore variations in wave propagation 
directions associated with weak alongshore depth variations. Whereas Herbers et al. 
(1998) observed a sudden, dramatic directional broadening of wave spectra when waves 
broke on a shallow submerged sandbar, the present observations on a nearly planar beach 
do not indicate a strong wave breaking effect on directional wave properties. In fact, in 
the most energetic case (October 19) when the surf zone extended across the entire 
instrumented transect, the directional width of E(f,0) remains nearly constant upon 
shoaling. These differences are possibly related to differences in nonlinear shoaling 
evolution and wave breaking characteristics (e.g., strongly localized breaking on a sand 
bar versus gradual breaking on a planar beach). Further work is needed to clarify the role 


of the sea bed profile in the shoaling evolution of directional wave properties. 


18 


APPENDIX 


Figure 1. Plan view of the experiment site with locations of the nearshore, 8 m, 
and 20 m arrays and associated bathymetry (depth contours are relative to mean sea 
level). 

Figure 2. Detailed plan view of the nearshore, 8 m, and 20 m arrays. Pressure 
sensors locations are represented by solid dots and the directional wave buoy location is 
indicated with a circle. 

Figure 3. Representative beach topography during SandyDuck (courtesy of the 
Army Corps of Engineer’s Field Research Facility). The bathymetry is characterized by 
a small shore-parallel bar located 275 m offshore and nearly straight and parallel depth 
contours. Bathymetry changes over the course of the experiment were weak with the 
exception of the dynamic beach face region shoreward of the nearshore arrays. 

Figure 4. Wave shoaling evolution from 19.8 m depth (bottom panels) to 2.5 m 
depth (top panels) of small amplitude waves arriving from large oblique southerly angles 
on August 17, 1997. Observed (blue) and predicted (red) frequency spectra and 
significant wave heights are shown in the left panels. The color contour panels show the 
observed and predicted frequency-directional spectra at each array (units cm’/Hz’; @ = 0° 
corresponds to normal incidence to the beach) with the water depths indicated in the 
upper right corner . 

Figure 5. Observed (solid) and predicted (dotted) directional distribution of wave 


energy at selected frequencies on August 17, 1997. Predictions at frequencies higher than 


Wy) 


0.2 Hz (only measured with the directional wave buoy in 20 m depth) are omitted. 

Figure 6. Wave shoaling evolution from 20.3 m depth (bottom panels) to 2.9 m 
depth (top panels) of moderately energetic waves arriving from large oblique northerly 
angles on October 2, 1997 (same format as Figure 4). The frequency-directional values 
are multiplied by f * to enhance the directional properties of high frequency waves. 

Figure 7. Observed (solid) and predicted (dotted) directional distribution of wave 
energy at selected frequencies on October 2, 1997 (same format as Figure 5). The local 
wind direction is indicated with a dashed vertical line. 

Figure 8. Wave shoaling evolution from 20.8 m depth (bottom panels) to 2.8 m 
depth (top panels) of moderately energetic waves arriving from oblique southerly angles 
on November 1, 1997 (same format as Figure 4). The frequency-directional values are 
multiplied by f ° to enhance the directional properties of high frequency waves. 

Figure 9. Observed (solid) and predicted (dotted) directional distribution of wave 
energy at selected frequencies on November 1, 1997 (same format as Figure 5). 

Figure 10. Wave shoaling evolution from 21.2 m depth (bottom panels) to 3.3 
m depth (top panels) of large amplitude waves arriving from directions close to normal 
incidence on October 19, 1997 (same format as Figure 4). 

Figure 11. Observed (solid) and predicted (dotted) directional distribution of 
wave energy at selected frequencies on October 19, 1997 (same format as Figure 5). The 


local wind direction is indicated with a dashed vertical line. 


20 


(wi) souRlsig a10US-Ss019 


OOO0t 


000c 


O00 


000 


000S 


0009 


Alongshore Distance (m) 


000} 
O00S1 
000¢ 


— Nearshore Array 
— Poe rs 


—_ — ee oO 


Figure 1 


00S¢ 


OO0E 


OOSE 





Nearshore Array Sensor Locations 





700 800 900 


8 m Array Sensor Locations 
‘E 840 
© 860 
2 
880 
ome 
© 900 
0) 
2 920 
= 
= 940 
a) 


960 
800 850 900 250 1000 


20 m Array and Buoy Sensor Locations 
5500 
5600 
5700 
5800 


5900 
1000 1200 1400 


Distance Alongshore (m) 


Figure 2 


ZZ 





QING ES Oe 


Figure 3 








Frequency (Hz) 


Observed 








10' —80-60-40-20 0 20 40 60 80 
<- Southerly Wave Direction(°) Northerly -> 


Figure 4 


24 


Predicted 











—80-60-40-20 0 20 40 60 80 
<- Southerly Wave Direction(°) Northerly -> 








0.0967 Hz 0.3008 Hz 





aed 


0 0 ae 
-—80-60-40-20 0 20 40 60 80 —80-60-40-20 0 20 40 60 80 —80-60-40-20 0 20 40 60 80 
<~ Southerly Wave Direction (°) Northerly -> <- Southerly Wave Direction (°) Northerly -> <= Southerly Wave Direction (° ) Northerly -> 


Figure 5 


22 





Observed Predicted 









0.3 


Frequency (Hz) 


oS 
ho 
SS 


147 cm 
144 cm 
0.3 





0.2 
175 cm nf 
0.3 
0.2 
10° 10° -80-60-40-20 0 20 40 60 80 ~80-60-40-20 0 20 40 60 80 
<- Southerly Wave Direction(®) Northerly -> <- Southerly Wave Directon(°) Northerly -> 
Figure 6 





S(O) 


0.05 


0.08 
0.06 
0.04 
0.02 


0.06 
0.04 
0.02 


0.04 


0.02 


0.1719 Hz 








0.2578 Hz 
2.9m 


3.6m 


3.8m 


5.2m 


7.8m 


-120-80-40 O 40 80 120 


O5e830 Hz 


o.04t 22m 


0.02 


| 
L 


0.04 3.6m 


0.02 


0.044 3.8m 


0.02 


0.04 5 2m 


0.02 


20.3m 
0.02 


0.01 


= | 


0 
-120-80—40 0 40 80 120 


<- Southerly Wave Direction (°) Northerly —> <- Southerly Wave Direction (° ) Northerly -> <- Southerly Wave Direction (°) Northerly —> 


Figure 7 


ay 





Frequency (Hz) 


0.3 


10 


Observed 





T 


10° —80-60-40-20 0 20 40 60 80 
<~ Southerly Wave Direction(®) Northerly -> 


Figure 8 


28 


Predicted 









—80-60-40-20 0 20 40 60 80 
<- Southerly Wave Direction(*°} Northerly -> 





0.1182 Hz 0.1934 Hz 0.3008 Hz 





0 

0.03 

10 0.02 
| 0.01 

0 0 


~-80-60-40-20 O 20 40 60 80 —80-60—40-20 0 20 40 60 80 —80-60-40-20 O 20 40 60 80 
<- Southerly Wave Direction (° ) Northerly -> <= Southerly Wave Direction (° ) Northerly -> <= Southerly Wave Direction (°) Northerly -> 


Figure 9 


ee 





Observed Predicted 








300 | 10000 
1S 5000 
100 
0 0 
400 
8000 
“16000 
2 +} 4000 
2000 
0 
8000 
1000 6000 
4 4000 
> 500 : 
AG 2000 
Nee” 
_ 0 
1) 
S | 
= me 7000 6000 
a 
L | i 4 4000 
ES 1000 a 
in 2000 
0 0 








340 | 
356 cm 3000 4000 
ue 2000 
2000 
0.1 1000 
0 ; 
3000. 3000 
0.3 1391 cm 
0.2 2000 2000 
1000 4 1000 
0.1 
10° 10° 10° -80-60-40-20 0 20 40 60 80 8060-40-20 0 20 40 60 80 
<- Southerly Wave Direction(*) Northerly -> <- Southerly Wave Direction(*®) Northerly -> 


Figure 10 





0.0967 Hz 


0 
-120-80-40 0 40 80 120 





0.1934 Hz 


0.04 


0.02 


0.04+ 4.2 


0.02 


0.047 4.4m 


0.02 


04 
fg 4.9m 


0.02 


0.03 


0.02 


0.01 


-120-80-40 O 40 80 120 


Figure 11 





0.03 
0.02 
0.01 


0.03 
0:02 


0.01 


3.3m 
42m 
0.03 
| 
0.02 
0.01 | 
0 


0.03 
0.02 


0.01 


0.04 


0.02 





-120-80-—40 O 40 80 120 
<~ Southerly Wave Direction (° ) Northerly => <~ Southerly Wave Direction (°) Northerly -> <- Southerly Wave Direction (°) Northerly -> 








LIST OF REFERENCES 


Ewans, K.C., 1998, “Observations of the directional spectrum of fetch-limited waves”, 
J.Phys. Oceanogr., 28, 495-512. 


Freilich, M.H., Guza, R.T. and Elgar, S., 1990, “Observations of nonlinear effects in 
directional spectra of shoaling gravity waves”, J. Geophys. Res., 95, 9645- 
9656. 


Gallagher, E., Boyd, B., Elgar, S., Guza, R.T., and Woodward, B.T., 1996, “Performance 
of a sonar altimeter in the nearshore”, Mar. Geol., 133, 241-248. 


Hendrickson, E. J., 1996, “Swell propagation across a wide continental shelf”, Naval 
Postgraduate School Thesis. 


Herbers, T.H.C., and Guza, R.T., 1990, “Estimation of directional wave spectra from 
multicomponent observations”, J. Phys. Oceanogr., 20, 1703-1723. 


Herbers, T.H.C., and Guza, R.T., 1991, “Wind-wave nonlinearity observed at the sea 
floor, part 1, forced wave energy”, J. Phys. Oceanogr., 21(12), 1740-1761. 


Herbers, T.H.C., Elgar, S., and Guza, R.T., 1998, “Directional spreading of waves in the 
nearshore”, in press, J. Geophys. Res., 1998. 


Kinsman, B., 1965, “Wind waves: Their generation and propagation on the ocean 
surface”, Prentice Hall, Englewood Cliffs, N.J., 676 pp. 


LeMehauté, B., and Wang, J.D., 1982, “Wave spectrum changes on a sloped beach”, J. 
Wtrwy., Port, Coast, and Oc. Engrg., 108(1), 33-47. 


Long, R.B., 1980, “The statistical evaluation of directional spectrum estimates derived 
from pitch-roll measurements”, J. Phys. Oceanogr., 10, 944-952. 


Longuet-Higgins, M.S., 1957, “On the transformation of a continuous spectrum by 
refraction”, Proc. of the Cambridge Philosophical Society, 53(1), 226-229. 


Lygre, A and Krogstad, H.E., 1986, “Maximum entropy estimation of the directional 
distribution in ocean wave spectra”, J. Phys. Oceanogr., 16, 2052-2060. 


Young, I.R., Verhagen, L.A. and Banner, M.L., 1995, “A note on the bimodal directional 
spreading of fetch-limited wind waves”, J. Geophys. Res., 100, 773-778. 


S16. 





INITIAL DISTRIBUTION LIST 


. Defense Technical Information Center .................... 00000 cue 
8725 John J. Kingman Rd., Ste 0944 
Ft. Belvoir, VA 22060-6218 


Reeve KNOX sIEVDT ALY ca caeeceei ys tag eee spec eeenca ous 2 eee to ers ac ee 
Naval Postgraduate School 

411 Dyer Rd. 

Monterey, CA 93943-5101 


. Professor T.H.C. Herbers, Code OC/He ............ De Sciev.ts alvin 2 ee 
Department of Oceanography 

Naval Postgraduate School 

Monterey, CA 93943 - 5121 


miroiessore 6. Enomton, Code OC/Im .........<2.0.. eee 
Department of Oceanography 

Naval Postgraduate School 

Monterey, CA 93943 - 5121 


miviotinew. |. BOrpaSsite . cee 4. 64-0 dw a a 2 2 ce, SR, wc a ee 


1017 Neal Drive 
Rockville, MD 20850 


35 














— 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Peto ta 
$4 ’. oe 
2 Vo he 
ae 1a.te ‘ a t s a 
A otlye Dade Ba ty pa N teetalae ae e.e8 . 8 
Pag da Papas 8 HB Bolly 0 , FoEee faites, dy & hee » en a ® 28 ° t are 
ial hs Ae Dat-alte hal HP 0g Gah " Ss Robok r tooee = ° ° oe Or) 
sera ne terete wb feel at tate : . ® a i ‘ > Pi 
cs he Ka tisne OO Oe oars ry Avmate pore fabs h Fie.) eae pete ra ae ‘es ooo 66 Sd 
pare HH tes Me Got: & He rs bee 8 Bui Pict ted ’ nt ‘ i ae te a 
a ia ‘apeoatne achat, as ee he Bot aha em ee, 4 18.4 Adhere a & fed 02 AY h re oe a ar Ti ,t “pw eee 9 © 0 Vem ‘ i ee % ° e e 
perk one Us Ra Halle Oe tha 118 ha VOB 14d Poe BY Op fa hin i oa men OA, wy cory doped. or ee Es witetta 0&6 's* Pex Ts Sule ' »8 ee e ce « 
ean te fasta Rotate to bon Webi Joh Ha Oi Ns Hen Tisch & se atthe & st cena Sal : - a ' e ° oe ° 
ha tade Latin fi fa the Fake Om CoG Pen fede ay B sb yhsinn7g.t = A ¢ 8 eo #8 ° ¢ 
rt iow | 64 Chih Lee % me i 8 eee 8 P) ® 7 
SOU RCRA ay, ¢ 38 a ee te g. ° Pa) ae 
LAE ORL POLLO T NS oe Od “ee 96 ° . 
vitesse. Hats ho bl ong teteOshue OrPi wy ts ‘ i da) eee Ui ahs ° ‘ 
Biss vanettss Sent Hn ge iq 2°? te are ° ' 
eDar wit* > Wit. r) t 4 s ® ‘ r 
ee oa ae * A Be . t ° e oe @ a = ry r] e 
enna 1 ier ane righ U. Je cy" | * ' o te ‘ ® 
pptiretits be Fob by bo witty oe ves oe 8 othe: a eek Gustge ote 8 & . F) 4 e ° ‘ e ’ _ 
60,008. fle RR ota ny Oamhattas ' oe o @ ee e se * 
reget Geer aC I Matas tur mops wathtae eX ate WH th Sate telus af oa, soe ; ' ee % «4 1 8 
ATW heed - f ¥, Sef ahd Oxtgee A Pot 4a & ‘ ’ o6aace s e 2 8 
1G B Pia fl i fstarns Hated AIA igs rome ls Valet nee spetene ta i has F thats, LEME Op by Bo Cook 400 Lan dh Hee 6 a te ° 
~ a wits Lak) tah th. Moy a a. By Ta tebe ie Hh. 8 Pie a tee? i t) ° t) ef . 
betdherd ros hrrbr gle fic Ge" wat ry 18 ‘ . ne ° ° . ° ° 
CASAS ade Mal edatiat 1 DB ty Oem % ' a e fF eee s e ° 
Cr ae OT ee hateor 0 @ Pre 8 4 1. 8 ove 91 &e ge ° rs e i 
Te] Pleeel herpt he paceaiet: Sarr ee 2 te}: wet eh te 8 = - —— a a ae ¢ * ‘ ° 
ab ye Bf fe fa Ge treo He Fost wea pie (i Teli ty ¥ © fgvehe + = gtetatets hae, *s' ‘ a e* a (Ole P) ‘ te e ' e ° one 
* Age alia ts Bate herd eAafe Ge Hands Fe ‘ s vist Perit Mee Oy Fm MOR TE a. SOR ® tos Lp tof Te » oe a sees e ee ° e 
a Reh FB, Be bn B.- Fe ard are ha at ado Webbe bet ae sia Sirota ke beast tele, eh emetit ee Ps. by pe see? cree Ome f emt = & ve ee 8 ee e ~ ° 
ja ffs bey Upfar Male tints Kal bO ai lag baby tata de v1 wo ite fee be Fad “betas fe Aa u3" & degen ghot & ye, aa ® £ o* ¢ r] te 
tfehotn he teflatailes ota Pahe la Ve Pole hshotle € Me pe % ‘Vp 4b. che oe bor a te t 18 ® { en ee Pa 
pare To Pe Papel py eA Dy hy jee ¢ ee ajhee Wik wase it Gor a ¢ @ ® 
Ges Be yi 0 oes ais we Po Wade shyt sf Orda 6 Es: * ‘ mee 8 ® ore e 
Se pir Scr] hey tal Sbinehtlne ae bo be Sate rg ay AD aeeh en ane tate a ue ete Ppa ar “Aree , 
SD hte fad Set im ae tc htgnatta cheney = awe! via 89a, 0ah Oper hy beh ry e . a ° 
whl te se aty acti tkebPateta tacit ary bd fap icha bate a aad aa align BO ar etme 2p te) Gee . A ° 
BAe elat AO al aret es oem “ rhe bad al Or Fa ohare My se aha beidchgh be haighs8itne dsl, mrt 98 Ogi Petes A OS oe 90 ° 
ripaeh etcetera erie Ne ®s de, Podai, pie aes ohn Lari abe tater, du@ ees? erat WOO bs BOF Teh ake ® ‘ER ® ee! »e ‘ : 
bra fiwihe Da te dds thy Fn Bs Polio nha Sad OSarie 4 far Jod Stele ue Fghot OFS Pos 1 et ’ 2 es g 
crea fie Co tn aig tat totem ot baboreo +. ‘etait Sieh abet we for Fo Pim iy Se ahs (pte! © vy aoe CO Fedhivas'® oe st¢8 ° Pe ° 
Pept ataliatectels Matte Castel dl Woe tis oatalisQeb» Herwer aera? vas aN ths oye Nheen? ered Srey tier « UN RO CT De é! os . ¢ ee toa fe 
pipe tab de 1 pPiatenate hatePotaju® te oite Kea nie bole tereliche pala ape 2 Fh iad fa Artie prs ® Fo ahh ee tee : ® as, fe ° 
Fo Hatin® abs Pighees othe fret sities pits or Lary weet ent ditebovatsut tae t. om he 08 rt ee ae 8 ee eo @8 o 8 ® ° a 
we Finbre Be Oi Nadas tor Fahad oF otek fis Hate Rritle Sheer ig Leo cet WA Abt ensh Uw eK 239 0h calraae & wirahite ’ Perera ayeren ae paenere j ° te eo. 2 ' 
fore PolechMetoett wee faph that alt Cebus hat wes i, Wh Nae bot 58 ph Ke Ma Mig hw target fsbo chasis b> 1 ek etehs % rg er iN ” . » la ben ye e er ae e . ‘ ee ® e 
wkd tals ne he Fed tee ae bol ricer | 4, on, signe dont pentefanah fai Se Ai tss 186 Te te? & ala? di 4: a f fu eas @ @ as i e ae ® vt : ; 
¢' oF ate whet a OF 7 len Mp 2, osha “ Peta he tes eo BA Om wane tt ° e 108, e . t 1 B) e 
4 Gt ahihrDoM et nh aBete tie eliles9 te badd ont ether fia ®. t Berg baratg tee rbet Toe Hee es rks as BCIAG Pit, oad oh f te ZuNe mat Peary Se eee <i ° Ant oe Par) ee e e - 
fbi alta eolie rah ahs! o Hel: Poel lt a ee siskatn etekeke ia teect, Hed ta Of oat yt gto) 2 OpWeery tee! C10 a? 28. 0:4- ve est fonet: ehr8.8, Bets . ’ e e ‘oe 8 ithe 
Giese eerserappr in tI 1 ? 7s Nh be ted tae hn 0? PavePalae bah xe Gee ° ~ Leta, Stir Seb by ste 8 Pet.& at) gees s #8 «#68 oe a ¢@ e ° e . ° e ra ° 
intra otra ® of Fo By O% sph M18) Beata tog a vie keia State ed tr a G2 9ho #08 tute ty® o,00 STF pet . ‘ te Pn ° e ° o e ‘ 
Riek: feta ofneM, Be pte dehy ife Gajat bogasy ha totes be bo fy ai abe! mosete 4 behets ole te Tefes 59%) gab * é ,o-@ . ~ e & e es ® e e 
ape pa pec eter tft 9s OT rir of ol as wuatin CLs 14% wo" 28 tobe od 0 0 shes © O ded totet. 4 - Y E . dig O@wtre Py ee oe ee ° e 
sii Food Fo: wearer pietecprang hat a! elves 1 Sbieirtateeted 0 (ie ai i ry s cit B Yeo i guns see@e ¢ OR ¢ . © P ° 
ad esta” o fre a Re Mads gid Reve eer a by 428 a4 ot Get wed, 2® Fo <a Ae &¢ ° 9 ¢ s * ® . 4 os a. 
ache Uehetohs eke toi o0* 7 wiisfake Cagtemate Fe 4 J5ik, sented ants apr hi ete meets tary jt Se See teee rT) bah a 3 ¢ee ® ogee / as ie fo. « 4086.8 8 & Gof Foe i s eae a ef 
tA aivinlg ea rae! neg beh beipdy mht ve , “ om pin tah yes b ae rm eA stom © 0 &* ee 8 8 7 mime . ° re ee 2 ° a? = ee @ ° ® 
EEA g oii te Hnty ie Lain. Pr tie elie? Me llalys Bk hs miclo-nrtasth a's at's, @. Oebaoe et Pers Oe Bag a2 bgte# ae o 9908 es ee e 8 . 
5g tte Bota) Pads FaerdorarieltasgAs Petal ade a a0 FOr 9 8e en ar rg Prieta! t es 4 Meni? Fem tn? ee 8 ey eee e@ es 4 Beeee 86 e saee te oe ot tee ° e 
hag Atelier teste Bob Fe Tash 2 fae oh ander Vptaoll Lae] of oF 5 Up bakk 10M oto Ohi? ob tate aot Har tote eh kN » Sars te ¢ « 2 ® r ® e 
Pont Fn Rel ais inte Re Peftblin t a5 wtetovala a beth Oo Jobe 17 oF ots Pome eee L Pahe O0 se Ss +. ? be o & 4, he tO? wet F8 ¢e°? » { en oe oe N e 8 
set ot. fbr iD. Deve, Le are cavels ai ate otaPalet ae obey dec twin ite Pat oe saver nt Omer Sc be a 3 Oe & eve 'ee @ oepet etece D ¢ ® ne oe a t . e @ ee 
fo ‘tat aU vie Sores, nba ev abide © dinheredie tally ahah Rental ts Ret hl ove Gat &yf LET eS “dadiaaeos 2 o.me rewber poet ob as ° me P @s 2 oF ee wen ff + Sefer ae ° s es 4 ¢ ° ° ® 
Tadic On) 08 Oe He Shs Madehhs Med Dok nh awet.cheotigl ufo in Yom Bats a hart’ tad oR 0597 Foe o0e? Fk 4, , ” 8 debe  ctrbag.d, Foe » ee see e8 ° * - de 
i ebudebctgs erate atnba sees! atin tn 9a by Fe igo! Pd ops oe bts wAed Ch Wreheagas etre ig Me at grey eens 28 Orbe eA Veet Fw ¢ ° ® ° 2° = @ e e ) . ¢« eoetes one 
tea pe Carpeted rr oe) Be ttt heFot abe bat Pare: faa By . fe Reset es = Meru d, ont oe? abs re s4ad od renee ¢ ome ® ’ a ? bees 
Te tess Beebe Ne og! Fate 10 ol ght oty- 0 af ah 9 ro Heiss iets 6 4 # arnt iotys > of tated ates Fue 7 ee ¢: seaee ° ee . : 2 oe ° ee 
Migretbect? ok oe had afte Cokes Is A fe 0.10 ata habut betipgedt aaete » gine ast oh tae.) & eae ’ ¢ oe se ee ° 7 es ’ a 
bat cdainmlalitain® de? ands "ik din Protea te Ma tg” S eanfhat i me F1Qrate oie) A, foe % ee ieted O Oe Cus HM we 8 ee oe , P eo: ° ° 
he halaSdats Rok Onds 700m : el nl Mga rah Se y's ra -hrbe 2b be Ponend baad fet rai offs « ab ds yp Ard ry re ie H seen ‘ P . 4 ° e : ¢ © 4 8 e 
aia? when aT.o7 "er arpeb gt. Rake ob cites of: ie’ a? thf” BS er ‘ y 8gh ie a? ‘ e ° e ot {oe or &@ ° ° ° 
nlp tei aPeé, Alle Sete? rade Th #4 io he a tp wha oso sak 5 soimgh te eohies g° F 9,36 sb ’ aera 8 oe wee e . e 6 @ ° F e 
omdine ate. ¥,e Bam ahremeily ofan’ o fats if oY aig a8 babe, 8S, fetes fateh ote af ie { os ene r oo. ® ee 
¢ Ro ot AuetMiodapn ofatnt uP * S.gtlati hin f i bee. Oy eer as “A eee “ ° é & e om ® s o ® 
Saat Saat at od veiled 100 Fae 8 061 de War WI heist wFni's Ade 4 a hd oS, ro} Yeats ore vet et ef : st % e o me - ° ee | a 8 ee ® 
aha aid sD \p Stn Cat at odan’ nttolguls Fo fala Rata es Pua’ ah fohins > gages? Mate Fg Fu teta wee? ti eee rercst | e of e e ate é ‘ ee e ® 
a. Betede het s ay abadalenat oo War bt A tal Ppa af ol Ah acct, ert ae Soto fate np thf - Gea Cole tote whee ae & ae | aot @ 3s 8 8 * ¢ e e+ @ os ® ’ 
ataPaPe ate tulindes of ulmtale\otet “a falet Leta pipe ti : ee Pere tot no eid of . Ps oF &, ee ios ® ° e ¢ «8 td & 6s 
ante tote ied s Ona le lM als A aloha olaestel Obl teksty ests 4 a ee 2 ares very a aeee ” F ae aol # of o& of ba ees, @ 8 * . @ e e Po e 
el ode fab Paratha dy rataey ahabw rn pte! eB. art? Ca ai, Bde! it 7 f eights ohn A a 2 ated Oe e.e > eo @ @s 2 Cm ® ° ¢ ee ° a e ° 
ir ed 7 eh Molin ed cd Sate af cette a.) ft fin te da tint 4 2 65. Bass ae 2 @ ' é oe @ ee wig e ‘ ‘ 6 e a) e ° 
’ NAT etna: Sade taki r'etal obdde tate atuagteli? #8 <2 4s en! e%s Cee e On8,0 & 2 # 8 ° » ¢@ 
sieht oF Pol iotat eh fot oute of 31% Pte cth seat no % era A eek Pe e¢ ee ar e s ® e ° 
DM aks awPates tee ole ray ee . ror oud # ef feos? . 86 ee e r) ® e . 
data ha Qirsi9: ote orn els oPihien AL we he 14 a ts! Pi me Te eee | ae e » u 8 o 8 ° ° ® . 
fe Fe a0 me WP *eANobs / * D>, PetpWF Pe oe sae | thes a é ° ee ¢ ee e eo és ) 
abatethen nia #0 TobakiP atoeete ae i Lyrstess , j “iat Beet 8 & . * P) > ’ r ; 2 8 
t an gh ado ide af eel & PP eded 2901.0 Se ser w 0 ‘ fe ° ° ° 2 e ° e e e 
, «ae e a ° e 7 A r e ® ? hd ¢ 2 
of Far t ee . e2t 4 ge e 
esa oP ° eee é ® r) ° 
td a r e ? 8 
at Meksakors’, fi ~ e @ rd . 
siete” af a? sonnel 0 oh xe wT ° . ° e Q ° 
; Ae? whe de a, ry e 6 
ft # ee 8 a 
S00 ss Caw! ated t1'al'e? of far Mo a Pee? e Py * 
eVniel pe oka let's eer” fal al of 2% 0 fle Be Par of e 
etd. ® ae bee oe: a = Bey es pe ° r Py fy r e 
bg ds met hee arel a¢eF ep, Oat 10" s ’ 
te Piaf we fe Baha Om cow , , ? s 4 
bere Med ee tle” % 7 & st etiol ee e 
Wak wnPa mm? Pe? Fade! ate o in 3F im . f) ’ te a 
aw wate nl pee @nhar a? ° » @ 
S,fehaP, O47 of =" f .¢ e F] > . 
’ ) 
e ¢ . ee e 
° 
8 e ° CY) 
r e 
¢ e ) ° 
a 
° J 
. 
8 : ~ % 
® e e 
, a . 
. . 
e t 
J s 
e 
° 
s 
’ e 
° 
* oo” 
2 s Ge 
8 > e 
e 
e ° 
¢ ? e e 
. % a 
e 8 ce e 
es e @e 
» a ® C) 
e 
+ ° 2 
® r) 
e ¢ 
° a > e ° 
. ry s . ® 
2 e ® 
° 
® 
« . 
° e ® ° 
® é 
° ’ ' 
° e e 
ae . * 
te & 8 a 0 
® e 
® 
6 . 
ee Py 8 e . 
® . 
. . . 
Shee : ; : te : , 
ve | ab ,* ° e s . e 2 
* i | id bs ® 
2% et? r) ® » we ® ° 
' ad a | ® e e 8 e@e * 
+. = *es o% : ) » 8 ° Ly e 
aay se ' - M oe —_ Har ti Pe a ° é . . ° ° ° ° . 
eel Pear LAL PIte LY lhe ao ol Shae tet te oars B rae, A % e Ca he é . 
afesarsee® 2 Oy? S? p%eP 9 58°59 we ys - Bi atads ve yee “es ty “ f 7 F e ar ® ° 
gee ramet § bygra ce? Mal L's FORAg Memes %» = ye . 8 8 , » » ? 
Pas oye *§ AAA aid Pe ham 9 PEM ne 4 ' cs 7 ; 
¥ ut bok 'es Sun Sak Sh ed bs D2 at; e hs Brera? Sprdrr “98 ¥ ® s ES ® § bd ® 
» Mey Senter: Aiea” eet rh Ts + mrPare'a® SH ’ 3 ae ee ° ° ‘ 2 , > 
oe i Sete Pye pha SGP Lage Meerumts SEM De” PTS by ol bel te Be be ater! 3 2 4 ’ ry ea . Py . 
% Meh 80 n Mare Pyroeneyt # 9? Baye Ya (7 se & e pe 2 
ok hin teh tp: meta tare! ay oats ots aoe setae et ary aoe Hy , te t y . : ° r) A ’ ° ee . ° 
SS ee yeh gs emt owe ts Sis yn, comer once t, ' . aaeteaes Re 1B gke on M4 e = e 
mate yl Pi Pate Meo°s® Wey! \ erated mane &. Sgt ete", gto a See Pe vee * ° 
A. i Ry mm" Phy MRP Eley OF 09 LOTTE Bley SOO MHI 8 ri eee bY 2 8 a oe Ey ™ he 2? 
4 et rotyestare oerndk My os Neha ened Giyy otptatatatare’s' pues. 4't &! eet pate atin oe me rn ° 
SLSR RTE MH HE MALES, cote Fetes tas yee moe AIM oy! Rar pee Tyee -4. 8 Sp ¥ory he sromteete, © 4 
mesrere mye oy, SOND Tv egeete caer Puree pentneete ts yee! ene ae %ghn nad. 8 em 8%ee vss i AN i. 
spree PPain ar® APs Bed, MyPuresty spi’ @ “ewe yl itete UME sete Serge Ae egee Hy *yheer g? 20 s he e 
Solar 0g CE ee Ppcure Pere telah aber iu PO etrms 4 “ure ake ePosetncghs* 7 ey be s = 2 . 
a‘ "hh olin ae me em’ tl eyrae . Spoenel et a 4 oe 08? e 
Sra 4 USDA LTS SUTRUD PSDP eenty AMS + bebe reat ge eet opt it 
gthedmeruhisstar epee my ah pee a wrstgeg AS oUt etd" . 
ali tela aendad Reba bl eee tet es wert a oyrares ° 
Rumcctimeneoies’ Bglere i ea gy ALY Seay 8y . orpeetyt the ’ ‘ 
ee Te en ha ed arb TehIt bid tate Re ae te oe fi » * ih 
(Tet tty PME ete Vota he Srey * | }it- thar seryth teres hy SME! Sy ese “gS » 
pha mele sate tytn en pte: My UMeP Naee ae® rang iv * ° 
rem ere lire : ere aS td teh ate be A BL okt ¢ a 
me BASHIR C Brita eye ake ha ete Fete ate wre lg teh: Sy Onna SPT NG Ss Hela" a ey ekta ‘ee Po ye "te * ‘ : 
sey me: Oe Spm EEE ey SR Me Hee? BETH OTET | OF A] Roy SPORE GOS ETE OTN ORT WANE OT EET 018 88 ae eee i 
phy States AMEE OMG tye asi ate wheter fe feng L wEE ETE a ererye? ws Yess ov we 
sy 07% PEP Ae Ke PRON Ur T mieten weccalt bd aah alt eho ") ote idn'ot ° ° 
at ‘tha Late M2thasyms WE" Weete F Pqeuryr anerqe er gr TE? Shee ste eye Nee > -* ® e 
tha ee hb a bee de TUL WT Rhy? ENT RRA ayy ‘ 1 », e ei fy gt gtars 8 *? cee r r 
ipele ae vere ye ae pracy tyeuth big ak yO Bg ate tty ate ’ 
where’ bree oe LYS ee neyo a arent Moteere.e n't ees oe 
Pa eet APA ae ate enncen “UF BAT ere SAAB ty Sassy : 
» 4 FyratOGem Soap in 9 hee Peeuce Carer ar ae 
a Taha Men De AGO peers TEP pT tO PUTS Sy Og FEM FD EB Ear” ‘ 4 
Ww ce LOANS EF 80 oy CQO SEM M) Byes ory” CPOE TU PAL LORE ETS a 
eu Lh eT Hota MG OIG te det BF HMECA DT ah ye HEP’ ME TAS F ; Ne 
POs ere ens PORN Oer s uo ete ated one St outaret eee ts PeewBateb ee prams » ° ° 
ak pe ea YW ohm ND as § hem 09 Op ORs EPehe he” Bt teat he a eo usae ah ae} ve? 9 4 aw od g eee “ets + « 
ak Od ded Yeo Mia Pehla a cs Dang? wry area n ar! Po ok thd tel yop © O8 oty Oh a ° 
AT ad ah ca lt oy tah tal resins 3 ri yp nchetae yhetrty Facet OER: og or rary tye® gio teke! Pptane ® e 2 8. 
oy A rasuaatyte ates, tere sexe TST ee prehe tr8ece Pa A ca ete et F ores e'ee «ogee are 7 ae 
pagent EN yee te hee ' Tete bere? es ot Sah cM Ee Mase dle"s goers few a ers ay Pe oy 5 hO - 
OUP gtr O19 OP PP rly ssbret, ante 4 OL Rare pg BP Ce ee oT e™ baa Sh Agate a ere oe tw uP of * . 
; Scchoete eh arte re eee rd ae Merten utr tere eats Ler af eee me tte ute gi a! 
Pa Sate ate Hp 8 ENF es My eerery wees HAR ear Ph 4 Ow Dae ete Vahey SE lat erece ter See 8 8 e 
ute etephe Rene Fy 198 Pt oP, Ob tel eat bi baat or Wreeg ora UPrtase ty terel cul.» Pyer er) ee . ° ° - 
ne Lop aA ah oh bey a Par sHieeptot pales a SYP WE, MH Sere vl MARE SP OY Myictey fence’ t g craks Foote He & les ' cy e 3 
He Bl OA EF Gs Par P' E™yty EQ Pyerv ae eterete ve” ig? eer Phy sytobavees 4° Pe wake Hot 3 @ . te * 6 ee 
Toe! 0 Pew why evesuect arcs ary sure atety ahatntes ie ve geideeanets t2 Otiein Boas tae ve gare JE ". ase . ‘ See .- + al e ‘ e@ete ° * oe @ ry ry 
ihe Cytol ho wah cbabldel ah tap tan clo Lr ty Le bal he aaah ed ots. “gegen Wargo ee iy bs bb ae nn Ben om Bi bea ecg ce 4° bo Tas tegelh-fe #8 a ie ae ‘of 8 gn. 8 a oe 8 
s wr gee tungt nat yeas ERO T: SVtPT TT phurct rere eros Sea cee) Mey sure ty ere 95 rege ame ploreggomerere c etet a0%e © oo te ‘ ee oe? ar ° ave 
ERE Om SHADE OER Oe ay Te TYE MUM NEC Is, He Bay? 9275 PU" ba 60 Pa Tue Hats © ‘ A ete ae vy rin gt tee O°, pcg avee ot wae ° . 
ee Q? gPa ote Sa Ne oe aw ase™ Fem satdoys sy bere) eed Oho gts She fy ALUN Ss Fesgi ty 9,40 Mee Stree g e 
‘% er) harass MAMMA tre SH ort eRcSeParadal prqas® fee 4 otek fee *s * ° 
bbe bts Marve AM ARY Cigeetel nares b eae we LOAVES oryhr tere 8 oe | = gfe ote age pt of e. ° 
7 PEmESmstere~i NOE" Lie tek os at sities “ eer Ved rat or td “ten ° aed Rede 
a Py Pay? OE OM ry eet ere” Ei eh a 2, slete Terwes When) Geer wear oratiots: © a 1% va Bob OF PT) 2% Paty 
ure we SB. Yyraratute Beeetey airiae rare lan ryt esyes hala “ary on eu lePatete re? tote H : e* se £8 tee g® SRI & a e 
mare “e' Sates Pye ge uP e Me Ruse! oF OPE led ar hs new Bad RU de perme yay ont ee ee rta gy PASE He Me" . 4 
hp Ap peer “ape YH | ? Sy hetant gegen eps BROT ate yee wong Brtennes fa a8 8S 8 oe . 
nee Bia thd. heh dah Deb Sod teah th OS a sg Ate Pies gens ret ary Lede MAD OBaDe Glo gee EFL’ grey patie ee ctrme gt . & ° 
eo Ae a ee geene: wun Se bites Doel Prerye cl .tee Coes ets ty Me Gach hts be oe eae @ Pmt gts O° Be 1 Shberete ot ° * 
! ta* fa 80911 T85 PT es Slice del i ae Sty qoowt erga sesy SEAL? gree we! ee | SPatovwtets! i : ates 
“4 renee SEROF ELT UUM, SYP Se SuryT Net Savane op rubgh ere AMS RD Hye heed BI Pe ol byP Swi! Wey : de tet 7B orre te = 
oh Hes apsremes euistatite a LPT rat aoe eaten ear oem tow Fevate® eee 4 7 ® on . 08 
; POR es Gepety ee Nasr oe oF aurer ror dr MUNI: PONT er auital ae sieke set y pkurevere ve ts | “ ° 
b erat! (ety jae iP Pore Ls oh ogy ‘phe eye e ° 
a Syeatwsitatcen cure -ssee phd y re het: Oy te) Sy rpaatent teays ° 2 
ce ne oh @ Pure sagt veel preeyioe PP wees pe pre che hers MILI! YUE Va eg crON OFONEE A GS * ° 
th A og. tet ye hacesy™ 0° 7 einer pet head haga Pang # an eg brate Sekatenh vet taster ® . of 
ep uw 1-8 Ge th N? gif PHYS WT EY Bey ete essech yr ary or aat® ok UTA on A ease o! weer ; rar gio ‘ 
gr yeah FAG NITY T Sete FOOT a Lai a e°: rato ty + i aa AR eT greta we agik oe 4 
<a Bh Fyre PRNS is ithe be blot Soo i Sebate Br ae emi awe erst: wrieetare, ‘ere 
eaten ep Pse GTAP he ge uly CAT U! Be seg: Seog had yi rh wrernru ce! wrleens: {horde ase Bete * 8 
Parr toter pecaret aris site uaty” Soho Bho pee TPO Nese ace URMTEP Ee ORE € : i : 
were sahara” GTN A LRM tele Ld oe Lad Seiccnetecerrtonee eR Proe darate wgrese Uy ic ° . 
Vigan ska our Nyrer atarobaruta hue tv neh ing Fea! Pets wary ny tore srr avesp't i 
nate ir he ake Ae GT was NLM, 24.0 ROT ETO” ‘el Laid 6 oe pale 9 iPad ete weerartteced ute ale ihery % eeR gmaee La 
an nen a F4D Gass yp Ma! VP yeneer er Etre? ot dP enghormes Sul er eke Cite ues TEs. AF a He 988 98 any bea Teteeeatt wig tate e sO¥ew one °° 2 os 
wo sPiAM. ese 0G eet e aes ove ee WTI gh wren be chal er ee 80 0° pina’ enone w cpnbnes ye “ae AY el ee eee 2, 
mp cape et eee ORM ATEN TLS OTL? EEE Vetpea 3 et etes n° ns ie etogt gas pr mi etty ak gee y Poe tT Ty a aa) pene yg MMP Boel © co . . 
rotate im 3 tence omieqnes sau ap 8008 neater arasie ge at vir we : 4 (RRL A Wania bret Bt hee Ture ake tas a PT OS a ° 
o eae Sid dt ae la ad a tel rest 3 Sit Th So ch nee eh ym e a8 trevatera Wek Leh, ogee Ctcenctale prapr tes te sf ai 
Sl earn ee ne rahi aogmate gh eps AG ae Seek vy botow mecns te > 8 - 8 
ape Opti, Sad ata fe re) ale ads Ber hgna’ ek hd} - ° * 
eal eiganium bower etetyes tie st Piiey weirs mt Sulaser ool Sate . at nayee i . 
et Sg isgeon| eer anocungy acute we one torres: ae yes vind Soae" : ' 
BAN bows ioe-de nee OTSA Bae SLANT 4 algal QCerHiewid eG NTS: Aiiee cee sect “a beentese titty start 
“ee ar ALPINE OS iaarerirent UE bn fat er a’ 1FPYPYS Moe LFS GOR O Oe * Pane le tod pars mere grabergred gee wets ts ys fe oes 1 te te 2 2 @* ° . 
La Sh Aull dpenh aibch ae’ eee dd Led aK Sa tavuteng: oa a Ora Sy ant Goy7 P10 Mele tiger? moiety uta lar 4 vye (tghey ete rere sa ee, he fee te ~~ . 
marin Ww ersten yerge eer eraged gon wgnuspac? olor Bincitetses abate ay 00 eA UT pie "OP on Wes ity s me? 0g"h : *s 8 ee eae ee io cy . ° 
= ahaa had oh aa Fg? Play LN es fe Oe bd Pal Ue anal yt e tied ot fa yeh aee® 14s e a . . . . 
mat LN ptt hg me EME Lag ete we ry) fa ARE) cae pn ke pe ae Aiea’ Lin ae . 8 . in 
i pail Phe oneal anyrys Puch Sy Store Sere es tan oon oye » a8 . e 4 . ® 
bee reese ues tite Lania tae Pb ote tyres eit yete to os oe Bom cae & oe en 
itnierte. at ates rep ate wetees cat teeta ty Udy REG Ney ©. : % : : : - 

, : . ; . . a. ; ° 
preepeol tae Oph ey cise tune: Mnatighicotntece a ‘ ie t ye 7 ‘os 1 Y . ‘ arr wee 
brag iAbceriver tedewars dteey ane fet Wena wenel tga § - rs ap : eo 
eeew whe Ec oe ie Percy ste Ayaataires se ve] p we : 
at Daa ere sy Yep TFEY, tater * : ies , 

ORME UN Fee ye uta 4 eats eee wey oars! sate v 51? ws aaterly teotey ta: r eae 
ley irate. sures a Ree aveyaces ease aye" “erste tiem <) eset . * . 
Rak wre yer BLE ey 2 igs Mea Set Parra eit! P% ze 
ors Sesaizen tev ee Mev iy tae y Oe coat Fe Um ‘ees & fe Maas ebt's BS 8 S » ° 
‘ ata av Ae ronan Oi ik t 8 @? 4° pehyh in. oe Reg 52 Or Gee, ofr . * ° 
me ath i ttc sagt More aaaetity wes et ih sure ie bear ° af Lad Conve etal. rary : ap jay 8s . 
i § yy ohh, $ seer! ee . . . 
bare et te Sane: mimes Pere urge serge oy Ale aire 5 
yore ns a ir Sue 2 bas vty eyeates erste ew a host ite; s ayes: ye hegey a) seat tee ts er *..8 
Pine + Paedect ep Seat? wea an 8 oe 8 Sasa Sutin ds Pre AMC ad the Pane . a 
a, motive WME A eeeeer sate ee ate. ares stare Kt, GWA MOC ane or teste thee, 
oa24 ria Rr em ad oe sun R= as '¢ “tdaberieite’! y- wee Hea ate te ort ° : 
; Z necreghy wee tas ewtst : Kid Pus veh pee tote ' tae . 
Che Fi ee veybcen en rete pa 2 . vt wg te gic wo eye . ean . 
rye yt ry A apices en eens iP ¥ owe 8: 5 te att SPR Forme he { Vests 0 thPes 
* eVarer . i & ed ee e » 6 
aturnrave eae hr wt anyeee ‘ Dap BN: H+ th it of a vole Hat . ‘ 
094, he ADP av mic ay 5 
. + 
—— . 


